OBJECTIVE: To investigate the in¯uence of height on the relationships between the intra-abdominal fat and anthropometric measures. SUBJECTS: Twenty healthy female volunteers aged 20±51 y from Aberdeen, and 71 men and 34 women aged 19±85 y from Nijmegen, The Netherlands. OUTCOME MEASURES: Intra-abdominal fat volumes by magnetic resonance imaging (MRI) in Aberdeen and crosssectional areas at L4-L5 level by computerised tomography (CT) in Nijmegen, height, body mass index (BMI), waist circumference, waist sagittal and transverse diameters, waist to hip ratio, and skinfolds. RESULTS: In the MRI study the women with BMI 20±33 kg/m 2 , waist circumference 62±97 cm, height 148±172 cm, and intra-abdominal fat volume 0.07±2.66 kg, waist circumference gave the highest correlation of simple indices with intraabdominal fat volume, explaining 77.8% of variance. Single cross-sectional MRI cuts predicted volume with r 0.94± 0.99. Height in various levels of index power was not related to waist circumference, waist diameters, BMI, or skinfolds and did not improve prediction of intra-abdominal fat volume or of cross-sectional intra-abdominal fat area at any level. The CT study of men and women with BMI 18±32 kg/m 2 and 19±38 kg/m 2 , waist circumference 71±112 cm and 74±125 cm, height 158±197 cm and 151±182 cm, and intra-abdominal fat area 13±274 cm 2 and 19±221 cm 2 respectively, height also had little in¯uence on the relationships of intra-abdominal fat area with waist circumference or with any other indices of adiposity in linear or quadratic models. Compared to younger subjects, intra-abdominal fat area was higher in older subjects for a given waist circumference. CONCLUSIONS: Height does not importantly in¯uence the differences in measures of adiposity or intra-abdominal fat volume in women, or intra-abdominal fat area in both sexes. Age does in¯uence the prediction of intra-abdominal fat from waist circumference, but waist circumference alone has a predictable simple relationship with intra-abdominal fat volume or area, which is likely to relate to the prediction of health risk for health promotion.
Introduction
Increasing international concern about obesity, and its rising prevalence 1, 2 and the recognition of the independent importance of body fat distribution has stimulated interest in identifying or predicting those at greatest health risk. For the purpose of health promotion directed at the general public, a single measurement of waist girth has been proposed as an indicator for alerting people to increased health risks associated with both total fatness and intra-abdominal fat accumulation. 3±5 We have shown that differences in waist circumferences between subjects are virtually unaffected by differences in heights, particularly amongst those who need weight management, namely waist above 94 cm in men, 80 cm in women. 6 These conclusions are not entirely new. In their studies of body shape and related health risk of London busmen, Morris and colleagues 7 initially adjusted the size of trouser waist (proxy for waist circumference) for height, but in subsequent studies which also included the measurement of waist circumference, these authors realised that height adjustment made little difference in the comparisons of waist circumference between subjects of different stature. 8 Sanders 9 came to the same conclusion that height should be ignored when comparing differences in skinfold thicknesses, since there was no relationship between the two variables.
A recent study 10 of a mixed group of 16 men and 31 women suggested that the cross-sectional area of intra-abdominal fat (in a single computerised tomography cut at the L4-L5 level) related slightly more highly with waist to height ratio (r 0.83) than waist circumference alone (r 0.75). A separate study 11 of 97 men and 60 women found that intra-abdominal fat area was related linearly to waist circumference in women but quadratically in men, and that the total variance was lower in men than in women.
The present study examined the in¯uence of stature on the relationships between measures of adiposity and intra-abdominal fat volume estimated from the three dimensional volume measured by magnetic resonance imaging in women, and intra-abdominal fat area measured by computerised tomography in both sexes.
Methods

Subjects
From larger studies of the in¯uence of intra-uterine growth on fat distribution in 110 women in Aberdeen, 12 twenty healthy premenopausal women agreed to take part in detailed body composition assessment using magnetic resonance imaging. Data from a previous study in The Netherlands of body composition using computerised tomography scans in 71 men and 34 women in whom structural abnormalities had been excluded, referred to the Radiodiagnostic Institute of the University hospital in Nijmegen, 13 were analysed.
Intra-abdominal fat volume using magnetic resonance imaging
Intra-abdominal fat volume was measured by magnetic resonance imaging (Aberdeen Mark II, 0.08 Tesla). The pulse sequence technique using inversion/saturation recovery, with gain factor of four, repetition time of 1000 ms, and slice thickness of 20 mm, was used to synthesise the images in order to distinguish fat from other tissues. Intra-abdominal fat areas were determined from four cross-sectional images of equal distance between xiphisternum and anterior iliac crest, traced by hand using the computer mouse'. The number of pixels were converted to Syste Áme Internationale units from calculated values of x (3.15 mm) and y (3.95 mm) axes of the computer screen. Fat volume was calculated using a truncated cone model 14 and then converted to fat mass assuming 80% of fat in adipose tissue, 15 with 0.9 kg/l density. 16 Intra-abdominal fat area using computerised tomography
Methodology has been described in detail by Seidell et al. 13 In brief, a single scan was made at the level of fourth-®fth lumbar vertebrae using a computerised tomography scanner (Siemens UB Med, Germany). Data from the scans were analysed using a histogrambased volumetric analysis technique to determine fat area set at the range of 7150 to 750 Houns®eld units. The area of intra-abdominal fat was obtained using a light pen cursor through the muscles separating the subcutaneous and intra-abdominal fat.
Anthropometry
In the magnetic resonance imaging study, weight in light clothes was measured to the nearest 100 g, and height was measured barefoot with head in the horizontal Frankfort plane, using a stadiometer to the nearest 0.1 cm. Waist circumference midway between the lateral lower ribs and the iliac crest, and hip circumference at the widest part over the greater trochanters were measured according to standard protocols. 17 Waist sagittal and transverse diameters were measured by pelvimeter (CMS Weighing Ltd, London) at the same level as for waist circumference, in the standing position to the nearest mm. Skinfold thicknesses were measured at the biceps, triceps, subscapular, and supra-iliac using skinfold calipers (Holtain, Crymych, UK). All measuring instruments were calibrated with standards before use. In the computerised tomography study, measurements of weight and height were obtained using similar methods. Waist circumference was measured at the umbilical level, and hip circumference was taken from the widest level. Two skinfold thicknesses at the sites of the abdomen and supra-iliac crest were measured. 13 
Statistical analysis
Multiple linear regression analysis was performed to determine the relationships between measures of adiposity and intra-abdominal fat measures. Analyses used the SPSS statistical package (SPSS Inc., version 6.1.1, Chicago, Illinois).
Results
Magnetic resonance imaging study
Subjects' characteristics are shown in Table 1 . The body mass index distribution was similar to that of the British population.
1,2 All four cross-sectional intraabdominal fat areas correlated highly with the intraabdominal fat volume. The area at L4, just above the iliac crest gave the lowest prediction (r 0.94) and that at the 2 3 distance from xiphisternum to anterior iliac crest gave the highest (r 0.99). Table 2 shows that intra-abdominal fat areas between xiphisternum and iliac crests and intra-abdominal fat volume correlated highly and similarly with all measurements including waist circumference, and with body mass index but less well with waist to hip ratio or other anthropometric ratios. In this single sex study, dividing waist by height did not improve prediction of cross-sectional fat area compared to waist circumference alone, at every level between the xiphisternum and iliac crest. Waist circumference measured at the umbilical level was used instead of that measured between lowest rib margin and iliac crest in the analysis with intra-abdominal fat and the in¯uence of height gave almost identical results (data not presented). In a larger study of 110 women which included the mag-netic resonance imaging study, 12 waist circumference measured at the umbilical level (mean 87.3, s.d. 15.5 cm) was 10% (mean difference 8.0, s.d. 4.3 cm) bigger than that at the standardised level 17 midway between lowest rib margin and the iliac crest (mean 79.3, s.d. 13.4 cm). Multiple linear regression analysis showed that the addition of age (t value for age 70.31, P 0.76) did not change the relationships between waist circumference and intra-abdominal fat volume. Table 3 shows that height did not signi®cantly correlate with intra-abdominal fat volume or any other indices of adiposity. Waist : height p ratios of different levels of index power (p) for height were calculated. Waist circumference alone (waist : height 0 ) ( Figure 1a ) was related more closely to intra-abdominal fat volume than waist to height ratio (waist : height 1 ) ( Figure 1b) . Logarithmic or quadratic transformation showed waist to height ratio produced no further improvement in predicting intra-abdominal fat volume over waist alone (data not shown). Table 4 shows that waist to height ratios of different levels of index power did not improve correlations with intraabdominal fat volume over waist circumference alone.
Computerised tomography study
Subject characteristics are shown on Table 5 . Compared to women in the magnetic resonance imaging study (Table 1) , women in the computerised tomography study were older, and had similar body mass index (26.0 kg/m 2 vs 25.2 kg/m 2 ) but larger waist circumference (94.6 cm vs 78.6 cm). The difference in waist circumference between the women in the two studies is likely to result from different landmarks being used (umbilical for computerised tomography study, midway between lowest rib margin and iliac crest in magnetic resonance imaging study), and the difference would be much less if the same level were used (see result section of the magnetic resonance imaging study). Multiple linear regression analysis in Table 6 shows that age was signi®cantly related to intra-abdominal fat area in both sexes and to indices of adiposity in women only. The addition of height to the model did not signi®cantly improve prediction in either sex. Low correlation between body mass index and age in men was partly explained by their nonlinear relationship, weight increased up to 55 y and then decreased (®gure not presented). Table 7 shows that waist to height ratio was similar to waist circumference alone in predicting intraabdominal fat area in men and women. Adjusting for age using partial correlation analysis increased correlations between intra-abdominal fat area and all anthropometric indices except waist to height ratio (decreased) in men. Thus waist to height ratio and waist circumference were similar in prediction of intra-abdominal fat area after age adjustment. In women, all signi®cant correlations decreased when Intra-abdominal fatness and height TS Han et al adjustment was made for age. Subjects were strati®ed into two age groups at 50 y (Table 8 ). Variances were determined using curve estimation to see if there were curvilinear relationships between intra-abdominal fat area and waist circumference or waist to height ratio. There were slight differences in variances between the linear and quadratic relationships, and only men aged !50 y showed any evidence for difference between waist circumference and waist to height ratio. The data set is too small to be con®dent that this is a real result. Figure 2a and b show, for men and women separately, that dividing the subjects into two groups above and below 50 y, intra-abdominal fat area was linearly related to waist circumference. For a given waist circumference, younger men had signi®cantly lower intra-abdominal fat area than older men. The gradients between the two age groups in women were not signi®cantly (P b 0.05) different from each other.
Discussion
The magnetic resonance imaging study in healthy female volunteers con®rms the robust prediction of intra-abdominal fat volume from a simple waist circumference. The results on three-dimensional fat volume strengthens the data obtained from our study of single cut computerised tomography in men and in women separately. Neither waist circumference nor any other indices of adiposity nor intra-abdominal fat volume correlated with height. Therefore dividing indices by height to create ratios would violate the principle for deriving indices of adiposity. 18 There may be separate in¯uence of height on health risks, independent of body fat, but height does not contribute in measurement of intra-abdominal fat or fatness.
For use in health promotion, waist circumference alone is already becoming established as a better predictor of risk factors related to body fat than more complicated ratios, such as waist to hip ratio or waist to height ratio, ®rstly because of ease of communication, and secondly because it is at least as powerful in predicting risk 5 and mortality 19 as the ratios. We have previously demonstrated a lack of association between height and waist circumference. 6, 20 Changes in waist circumference have been shown to correlate (P`0.05) with changes in intraabdominal fat (r 0.81), 21 and changes in a variety of cardiovascular risk factors including total cholesterol (r 0.31), low density lipoprotein cholesterol (r 0.35) and blood pressure (r 0.26) in women. 22 Changes in waist to hip ratio were not related to changes in either intra-abdominal fat 20 or changes in cardiovascular risk factors. 21 Suggestions that a`waist to height ratio' should be used in health promotion have been made, based on a study of single computerised tomography image just above the iliac crest (L4-L5) in a mixed group of 16 men and 31 women. 10 However, it may not be appropriate to analyse men and women together, since the intercepts for the two sexes were signi®cantly different. 10 Our present computerised tomography analysis, combining 71 men and 34 women produced a small difference in the opposite direction: intra-abdominal v variance proportion (adjusted); t t value; A age; H height; v HA total of variance proportions for height and age combined. a Sum of skinfolds measured at abdomen and supra-iliac sites. fat area at L4-L5 correlated higher with waist circumference alone (r 0.79, r 0.77 after age adjustment) than with waist to height ratio (r 0.77, r 0.72 after age adjustment). Pouliot et al 3 analysed 81 men and 70 women separately, and found waist circumference correlated with intra-abdominal fat area measured by computerised tomography at L4-L5 similarly to our single magnetic resonance images (r 0.87) in women, and a correlation of 0.77 in men. Treuth et al 23 observed a correlation of 0.84 between intraabdominal fat area and waist circumference in women. These authors came to the same conclusion as ours, recommending the use of waist circumference as an index for intra-abdominal fat accumulation and associated morbidity. Waist sagittal diameter gave similar results to waist circumference in the present magnetic resonance imaging study.
In the present study, the close correlations between the volume and single cuts of intra-abdominal fat justify the use of a single scan in larger studies in terms of time and costs. Table 2 shows that the best single scan was at the level of 2 3 the distance between xiphisternum and anterior iliac crest, approximately at the L2-L3 level in most subjects with r 2 0.98. The present study of magnetic resonance imaging had a relatively small sample of 20 women but the small sample size was compensated for by multiple scans, thus the results would be expected to be more robust than single scans. A recent study of magnetic resonance imaging in 49 men showed similar results with best prediction of volume from a single cut at L2-L3 (r 2 0.85). 24 Intra-abdominal fat area was linearly related to waist circumference (Table 8) in both sexes, therefore the present study did not support the ®ndings of Schreiner et al, 11 who observed a quadratic relationship in men. Age had important effects on fat distribution. When the subjects were divided into two age groups separated at 50 y in either sex, the gradients of the relationships between intra-abdominal fat area and waist circumference were signi®cantly different in men (Figure 2a ), but not in women ( Figure  2b ), namely for a given waist circumference, men above 50 y had signi®cantly more intra-abdominal fat than those below 50 y. Signi®cant differences in women of different ages might emerge if more extreme age groups could be compared, for example, those above 60 versus those below 40 y. Similarly, it was observed that for a given body mass index, older subjects tended (not signi®cant) to have more intraabdominal fat than younger ones (data not presented). Lemieux et al 25 found similar results and have proposed higher cut-offs of waist circumference for younger people (below 40 y) to identify those with an intra-abdominal fat area above 130 cm 2 . However, separate cut-offs in different age groups could only be justi®ed if evidence is produced to indicate different associations of health risk with the same amount of intra-abdominal fat at different ages. Furthermore, other factors could in¯uence intra-abdominal fat deposition, including illnesses such as non-insulin dependent diabetes mellitus, smoking and alcohol drinking. Separate cut-offs for these people might give greater predictive accuracy, but would complicate the whole issue in terms of health promotion directed at the general public.
Conclusions
Waist circumference alone explained 78% of the variance in intra-abdominal fat volume by magnetic resonance imaging in women, and there was no Figure 2a Plots between intra-abdominal fat area measured by computerised tomography and waist circumference for separate age groups above and below 50 y in 71 men [`50 y age group: intra-abdominal fat area 3.96 (95% CI: 3.11±4.81) 6 waist circumference 7 288.9 (95% CI: 7366.1 to 7211.7); ! 50 y age group: intra-abdominal fat area 5.04 (95% CI: 3.98±6.09) 6 waist circumference 7 356.3 (95% CI: 7453.1 to 7259.6)]. Differences between gradients are signi®cant (P`0.05).
Figure 2b
Plots between intra-abdominal fat area measured by computerised tomography and waist circumference for separate age groups above and below 50 y in 34 women [`50 y age group: intra-abdominal fat area 1.98 (95% CI: 0.82±3.13) 6 waist circumference 7 114.3 (95% CI: 7216.0 to 712.5); ! 50 y age group: intra-abdominal fat area 2.85 (95% CI: 1.67±4.03) 6 waist circumference 7 170.5 (95% CI: 7290.0 to 751.0)]. Differences between gradients are not signi®cant (P b 0.05).
further improvement using waist:height p ratios of different levels of index power. In both men and women, height did not greatly in¯uence the relationship between intra-abdominal fat area by computerised tomography. In men, the slope of the relationship between intra-abdominal fat area and waist circumference was greater in those over 50 y than those under 50 y, so a given waist circumference is associated with more intra-abdominal fat area in older people than younger people. A similar trend was observed in women, but the difference in slopes was not signi®cant. However, before this ®nding is used to derive different cut-off values for health screening, we would argue that the relationships between waist circumference and risk factors at different ages need to be further examined.
